In the paper conservation laws of a special form for systems of first-order differential equations depending on two dependent and independent variables are looked at. It is shown how the conservation laws can be used to solve hyperbolic-type and elliptic-type systems of equations that are come across in the theory of plasticity. Examples of an effective use of the described technique are given. With the use of the conservation laws was found the elastoplastic boundary in a problem of stress-strain state of a plate with free-form holes.
Introduction
Symmetries and conservation laws allow studying of differential equations from different points of view.
Symmetries act on the manifold of solutions of differential equations and that is why allow us to study and find their solutions in two ways. The first way is to find the so-called fixed-points, i.e. such solutions that do not change when some symmetries act. Invariant solutions get found in such a way. This method is realised to the full extent in the papers of L.V.Ovsyannikov [1] .
The other approach is frequently declared but is seldom realised. Its main point is that we get symmetries to act on the given solution and we obtain new solutions of the same differential equation system. It was used in the papers [2] [3] [4] [5] . There may be an obstruction for realisation of this method which is "poorness" of the admitted group of symmetries or difficulty to interpret the found "multiplied" solutions. We manage to avoid difficulties in interpretation if we act not on the solution itself but on some other objects related to it, for example on characteristics in case of hyperbolic equations. Use of symmetries when solving boundary value problems for differential equation systems encounters significant difficulties, though attempts of such a kind have been undertaken, this is evidently explained by local property of symmetries. But on the other hand the technique of using symmetries allows finding and describing fairly wide classes of solutions, and at that fairly effectively.
Conservation laws building technique is in actual fact dual to symmetries building technique and the methods to find them are close to the methods to find symmetries. But the results significantly differ: conservation laws allow solving boundary value problems, and at that fairly effectively. This is illustrated in a series of papers on solving of boundary value problems for plasticity equations and other continuum mechanics equations [6] [7] [8] [9] [10] .
Fundamental definitions
For simplicity we restrict ourselves to the case of differential equations depending on two independent x,y and two dependent variables u, v. This case is simpler for understanding; best investigated and is frequently come across in mechanics problems. Let us look at the system of the two differential equations
where the index below stands for a derivative with respect to the corresponding argument.
Definition 1.
As the conservation law for system of equations (1) we will call the expression in the form of
where 
Remark. This quite a commonplace definition is reasonably suitable for the presentation of our results. More general approach can be learned in [11] .
Definition 2. Vector (A, B) is called conserved current.
In this paper functions and are supposed to be dependent on x, y, u, v only. We can assume that and also depend on the derivatives but such conservation laws for system (2) are difficult to interpret and that is why they will not be considered here.
From (1) according to Riemann formula it follows
where C is closed contour in which Functions and have no singularities for simplicity. Let us show how conservation laws (2) can be used for different types of differential equations.
Use of conservation laws to solve hyperbolic systems of differential equations
Assume (1) is a system of hyperbolic differential equations. Its characteristics are written as
These characteristics proceed from the endpoints of the segment of curve L x 1 x x 2 with conditions established on it
Assume (x p , y p ) is the point of intersection of the characteristics (see Fig. 1 ).
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Let us find this point. By virtue of (3) we have
We have
Let us assume that and is the solution of equation (2) with the following boundary conditions
In this case from (5) we can obtain coordinate y p . In the same way coordinate x p shall be obtained. In this way we manage to build the characteristics of System of equations (1), and therefore to solve the set problem. Moreover for many of mechanics problems building of the characteristics often give more information to the researcher than finding of an explicit solution. The described method is effective, with the use of which were solved Cauchy and Riemann problems for perfect plasticity equations, and also some problems for other equations of mechanics [12] .
Use of conservation laws to solve elliptic of differential equation systems
Assume system (1) is of an elliptic type. We will be finding the solution of equation (2) that has a singularity in point (x 0 , y 0 ). Assume that on closed curve L the functions u|
Let us encircle point (x 0 , y 0 ) with a circumference with a radius ε : (x − x 0 ) 2 +(y − y 0 ) 2 = ε 2 . Let us connect it as shown on Fig. 2 , with a cut with contour L. We have Let us set ε → 0. We obtain a relation relating u (x 0 , y 0 ) , v (x 0 , y 0 ) and
Having chosen another conserved current with the same conditions we get another rela- 
Solution of a plane elastic-plastic problem
Within the plastic strain range in a bidimensional case with a general yield criterion the equations will be written as
(σ x , σ y , τ ) = 0.
Within the elastic strain range relations (7) and compatibility condition of deformations are performed that is written as
Problem setting
Let us consider a finite rectangular plate with dimensions of a × b with holes of an arbitrary shape limited by contours Γ 1 , Γ 2 , . . . , Γ m . Let us assume that the plate is under different stresses in x, y directions, and the contour lines of the holes are under the action of the set stresses.
On the external boundaries of Γ 0 we get the following conditions
Other stress components on these boundaries are equal to zero.
On the boundary of contours Γ 1 , Γ 2 , . . . , Γ m the condition is fulfilled.
where q i , p i j are constants, (n i , m i ) is vector components of the normal to contour Γ i .
We assume that stresses σ x , σ y , τ on contours Γ 1 , Γ 2 , . . . , Γ m are such that plasticity condition (8) is fulfilled.
From equation (9) we obtain
where F (x, y) some solution of Laplace equation (9) . From (10) and (11) it follows that in order to find F (x, y) we need to solve Laplace equation with the following boundary conditions
Value d i shall be determined from the solution of the three equations (11) and (8).
Let us consider the solution of problem (12), (13) as known because this is a classical problem for Laplace equation. In this case in order to find σ x , τ we will get the system of equations
For system (14) let us write conservation laws in the form of (2)
Let us find conserved current in the form of:
As a result we have
Finally conserved current shall be written as
coefficients of which are related by relations (16).
To simplify further calculations let us suppose that we have only one hole limited by contour Γ 1 , (see Fig. 4 ) according to Green formula we get Let us look at the two singular solutions of equations (16)
From (19) and (20) according to the above shown formulas we finally obtain We insert the obtained stresses into yield condition (8) . In those points where f (σ x , σ y , τ ) < 0, it will be elastic range, and other points of the plate belong to plastic range.
Conclusion
The results of the use of conservation laws to solve boundary value problems have shown that this method is effective for the problems of the theory of plasticity and elastic plasticity.
